Abstract
its role as a mitogenic growth factor, HDGF has been implicated in the development of different types of cancers, such as oesophageal cancer [9, 10] , pancreatic cancer [11] , hepatocellular carcinoma [12] , melanoma [13] , lung cancer [14] and gastric carcinoma [15, 16] . In addition, HDGF has also been speculated to play a role in renal [17] , liver [5] , lung [18] , brain [19] , gut [20] and heart [21] development. There is also some evidence linking the down-regulation of HDGF to apoptosis [22] [23] [24] . In the area of wound repair, HDGF has been found to be expressed after vascular injury [25] and during retinal pigment epithelial wound repair [26] .
A keloid represents a derailment in the normal process of wound healing and is characterized by an overgrowth of dense fibrous tissue coupled with excessive deposition of extracellular matrix (ECM) components [27] . This causes a prominent elevation of scar tissue above the skin, extending beyond the original wound margins and may develop even after the most minor of skin wounds, such as insect bites or acne [28] . Keloids are frequently associated with itchiness, pain and, when involving the skin overlying a joint, restricted range of motion [29] . They are found to uniquely affect humans and will often recur following attempted resection, prompting some researchers to consider them as benign tumours [30] . Although many different treatment modalities have been proposed [31] , none have proven to be optimal, and the exact cause and the clinical behaviour of keloids remain an enigma. Recent research has shown that many different cytokines and growth factors are involved in the formation of keloids [32] [33] [34] [35] [36] [37] [38] . Because of HDGF's status as a novel mitogenic growth factor that has been implicated in the aberrant growth of tumours, we speculate that it could also play some role in the formation of keloids.
In this study, we investigated the expression and localization of HDGF in vivo by performing immunohistochemical staining (IHC) and Western blot analysis on keloid and normal skin tissue. We further studied the expression of HDGF using in vitro models of normal fibroblasts (NF) and keloid fibroblasts (KF) subjected to serum stimulation. To examine the effect of epithelial-mesenchymal interactions on the expression of HDGF, we employed a two-chamber serum-free system in which keratinocytes on membrane inserts were co-cultured with fibroblasts. This system has previously been successfully utilized by our group [32] [33] [34] [35] .
In 
Cell proliferation assay
The MTT assay is a colorimetric assay that tests the metabolic activity of viable cells and is used for indirect cell quantification [39] . It was used to assess fibroblast proliferative response to exogenous HDGF at varying concentrations. 
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Results
HDGF expression is increased in keloid scar dermis compared with normal skin dermis
Immunohistochemical labelling showed that HDGF was present in both the epidermis (Fig. 1A ) and the dermis (Fig. 1B) Fig. 1D ).
Serum stimulation and epithelial-mesenchymal interactions had no effect on intracellular HDGF expression in both normal and keloid fibroblast cells
The Western blot analysis indicated that treatment with serum had no significant effect on intracellular HDGF expression in both NFs and KFs ( Fig. 2A and B Fig. 2A and B) . 
Epithelial-mesenchymal interactions in keloid co-culture increased secretion of HDGF into the conditioned media
Increased proliferation of keloid fibroblasts when stimulated with exogenous recombinant HDGF
There was no significant difference in NF proliferation when treated for 72 hrs with various doses of HDGF (Fig. 4A). However, there was a significant dose-dependent increase of up to ~13% in the proliferation of KFs (P Ͻ 0.05 for asterisks; Fig. 4B). In addition, Western blot analysis after 48 hrs showed a significant increase of proliferating cell nuclear antigen (PCNA) expression in treated KFs compared with untreated keloid controls, but this effect was not seen in treated NFs compared with untreated normal controls (P Ͻ 0.05; Fig. 5A). In total, 250 ng/ml of recombinant HDGF was used for treatment of both KFs and NFs.
Treatment of fibroblasts with HDGF activated the ERK pathway and increased secretion of VEGF
KFs treated with HDGF after 48 hrs showed a significant increase in the expression of intracellular phospho-extracellular signalregulated kinase (ERK) 1/2 compared with untreated keloid controls, but this increase was not seen in treated NFs compared with untreated normal controls (P Ͻ 0.05; Fig. 5B). Secretion of VEGF into the conditioned media from both KFs and NFs was also increased upon treatment with HDGF for 48 hrs (P Ͻ 0.05; Fig. 5C). At earlier time points, no significant increase in phospho-ERK was detected (Fig. 5D). In total, 250 ng/ml of recombinant HDGF was used for treatment of both KFs and NFs.
Discussion
HDGF has not been as well studied as other growth factors and cytokines but there is a growing wealth of information that links it
to cancer [9] [10] [11] [12] [13] [14] [15] [16] . Furthermore, HDGF gene expression has been found to be up-regulated in human dermal fibroblasts subjected to mechanical stimulation from stressed collagen lattices [40] . Abnormal scarring has been correlated to regions of the body with higher mechanical force than others [41, 42] [44] . The serum stimulation model is an in vitro model that can be used to determine the involvement of growth factors or cytokines in the early stages of the wound healing phase. Fibroblasts interpret the presence of serum as a physiological wounding signal and would respond to it as if it had occurred in vivo [45] . Our data show no difference in HDGF expression levels between serum-stimulated and non-serum-stimulated fibroblasts, suggesting the lack of involvement of HDGF in the early phases of wound healing.
Recent studies from our group and others have shown the importance of paracrine signalling via epithelial-mesenchymal interactions in keloid pathogenesis [32] [33] [34] [35] [36] . The co-culture experiments were used to assess the effect of this paracrine signalling on HDGF expression. We found no significant difference in [1, 6] and mice dermal fibroblasts [46] . The susceptibility of KFs to other mitogenic stimuli has also been previously established [32, 33, 39] 
keratinocytes (KK) and normal keratinocytes (NK) were collected at day 5. Four millilitres of the conditioned media from (A), (B) and (C) was then concentrated and subjected to Western blot analysis with anti-HDGF
